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HIOTVOLUME ON-LINE SPECTROSCOPICTOMPOSITION 
TESTING OF MANUFACTURED PHARNUCEUTICAL DOSAGE UNITS 

This invemioR pertains to qtiaiity cotmol systems aad methods \hsi detec! process 
defects in large-scale manufacturing processes, sych as the ms«ufiactiire of pharmaceultca! 
dosage ««(tSs lismg sotitiiiuous speetisl anagiog techniques, 

Defecis in pbarnisceuiical products cm be highly tlaitgerotis, or even fatal. And evs« if 
such defects are relatively mtnor, such ss aoii-unifomjiy sised capsules, they can resvtit in a 
significant Joss of gtjodwill by ^e manuiacttjrer, it is iherefore of the atrnctst jmponasce to 
avfsid such defects. 

Several approaches now exist to screen pharaiacsuticai agmte packaged in 
predetefTR}n«4 dosage unus, *Hch as capstjles or tablets Tljese mclude cff-itne and oti-i-ue 
methods Off-ime methods mclude the testing of samples of reauenfs and end-products, tiismg 
various artiU^tu'isl mctaods On-hne methods attempt to raomtor the process of mannJactunng 
the t»r(idu.,:t lo detect detects, as they occur, 

K t u nhcr «f otJ'hae screenii^g apptx>achi.^ currentiv exi:>t One apj.-'iOdi.i! ji'ciiide^ 
addmg coU)rmg agents to bulk inj;"-eciis?i)t» aikI opiu ilh ch<.(, kttig the ^siiape in:e£;it\ , <3rd .'oic r 
of ;he nnai product :^yste»i,s emplovirtg this appi oach am take a 'jcnes Oi - sJej inugts. .>f 
6wngc mm atu-' use >«uge ptoeehsmg methods; to &%%>ss.-> ilvt shape aiju vjiidi o'" ihs dos<iff2 
U.I rib. Other iteniN employ g?o«T>a of discrete optical deiectc to detct,! dj^teretn colors 2nS 
mtrajed detectors to detect the scaitenng caused by stmctura! defeeis- These iysienis can b<. 
cjsfaphcated to sastal! and tsatntam, and cannot gyaiantee a defect-ires product 

Sggitgary of the iRvcntloB 

St,v^ «(3 jspcci «K n vciiiion are presented m thjs* .ipphcau^t Uk-^c ai 
. 3ii^fn\ (■■;■} s lu ^5uw>s co'-tr I - ■> i i us aid methods, mciud.jic ^|Vi .u's^ r' l )iefh<'.K !u t 
deicC p^ti.cs- icte^,- n largc-scaU' snanufactunng procefcscs, »»cn thv fmmjt'^cruie ■,>* 
pharmaceua<,ai aos^ce atiith.. u&mg coniinyot's Npe^-sr^ji invtgtKg tethrtiquc* 

. ^ 5 ^'-e'ltrc ; >pi ct, the in% s^txiu^n fi'atores a phimo<^eutti,.i! dc^sas^e ur t m i k f< .fa^i sg 
,->[(. ..c;-, c<. i\u<\ j^-vpA' 5nu- tti-it 'ncludes as tirsa^e Neni»or '!v k dirsg a . r-.v >m tL < : ? tcjiienfs 
locatea generaBy proximate a flow of pharmaceutical dosage umts. A spectt ally Kciectivs 
ekmetst sitnuitaneoush projects a plurality of &psct!?ii^ -dtvcsae ver^ioo'^ of a sane ttnage of the 



flow 0t pharmaceutical dOi.age imsts oato the miage seosior A <;pectrai processor J!, r«sponsiv,» 
to an outjiiit of the array seascs- asd bsvmg an cwatput json. 

I« preferred embodimcnrs, the spectrally &<j!ectn e elmem cm bi, u ter i . ng fi it«r 
charactenstjcs that vary along the dsrection of flo%v of phsntiaceatKal dcfsag* mub The 
'5}}ectraiJ> sdecti^-e element can be a corjtmuously gradeabJe filter the spectral proces-or can 
mcMe .3 color mappmg oi«dule operative to map spectral mfo«m«on mto a color snage 
mcludmg diffeieady colored areas tiiat cotre&potid to dlffereat parts of tlie flow of 
pharmacentscal do^ge vxvcts having differing responses to difienrnt wavelen#h5» An .(djuionsi 
processor can be operative to evaiUAte rlie dsffepeatlv colored areas, wHn the sdd'no. %\ p o^t^w 
having an mput responsive to the mappmg module and an ou«put forprovi^ng mtonTiatioT 
about the areas The mapping moduli, uat be operative to slutl a pluralitv of the e!t^nE:th<! ir 
a iijfmlsr ma»ner The special processor can include ^ ipectra! corapax vm' mrtd<3 e operate « io 
compare spectral stgjftamres ftotn a Ubraty of kno«<n spec»ai ^tsrfun'u- \«. nh ^p(,-m h 
taformation acquired ftom the image s.wiSor, The spectral companM>R module k. n opet-itne 
to perfom suect?al compansotis bervt'een the spectral tnfonaaiion ac<iujfed trom tl^e smaae 
sensor and SfpsfCtral Mgnattires for knovv-n mgreJient i ■> \ ptian.ut e its: i" eompo<-it o^^ <^f the 
dosage utiits The processor cast be operalive to recei>. i4cn-it\ irii-K'n. K«:i ti. cctcd 
spectral ^a^aiuiru* rejxfrted b> the -pectral (.onijxj! i-^w ,nod A- 1 be ',t\at% est ^f^o . n neutral 
si^twes can include a piuriihi\ nf spectt ai si a'ianjrc$ for kno\K r vitevti 1 he >tq< c^sor c?n bi. 
operauve to recetve, tdentif), ^d store -^ptttrai Mijna.urc«> or s^r^-sh vctvXned ("esecH rcoo^tea 
hy the spectral compafison module The -,[\<.at<i\ priKe<.<;ot c^n k ude i « ^ictt^" voiiipstn^n.j 
riod'iie operative to cotnparo specual mtoiToanon joeeued b> dw raiag^^ :>ensO' iron- a af^c i<,c 
Sd'-ipk .Abated pro\ ir *^ ' \ ^lov, nf pharmaceutical doj.age unu-j-wuh spocii?) iriiomiatson 
rccv- \ed !■ \ !He n ugc sco-x.-' tier die tlo%^ ol pnattracc-utical do?ige unus ia?! ,md;gs ^en o 
(.siii tie a u > vi nwii^iuO^Urcu scn-^. r iint fii(l«er snc>ude>deiei,tO! J«dg«Kr-iiK aicn« aii 

th ' pamlit?' to tnc dirct.{ion td rhe fio^v ot pnd!ffi<Ke«at.ai Jomjiv laiit^ i '^e s K'ctr^l! v 
scki-U^t, elciiK'tU c.'j^ i'iClude a diJYraclson grating The spci^tt n njotcssu csin sii^juik vOiOi 
j!{)t fi otiu t, -ipciativc to map spectral mfonnatioo t«tc a color Jtna^e ovluduig aitlewntl) 
^ -siofvo ar^ji Jia. vore^po k' fo vlifle ei«pans of the flow of phannaceuiKd! Jns ci, invts 
h 'M i truji r rew^fi'-eN io djReicm v,avelen2th> ihe apparaus can i 'u'- ci \ k nde -jiase 
'Hu cn.omc xwsive at the output port ot the spec ttai pixx.eM><j mdopttitne tu xba c 
laro matio-i troni ihe sp<,<.\t, I or^oiror Tlte imsce se^^io*- . iti ire ^ i .if rj,red 'tt cij><; en <> 
The smage sen^ r c ^ ■> be a in;. i ui* u v .wage cn o"- 1 tio api^araui ^ . .'a tar*, v. ii.' m i 
radiation soutcc d rected at lltc; flo%\ of ph.irmaceuncai do&oje uniti> at a posjtjoji to wh <,h E»ia 
array seisoM<i!e.5p<iii'ii\e 1 he radiation source eon be ati ntm'vd radiatton source Ibeflov^ 
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wosi/fB&ifj rctmsmnnn 

of pharmau? jt!Ci> do-.!J^«? u'mK -r- 1 >t ciude ^.ere- o do'^dt.e urns kSiftitec m roV'^ generaPN 
sensor iiJtdc-^ tort aoh ti^do^A^t. unit i , ^ ^ -l i *ct'c ^'ong t'v" tint 

>>fvus''ive t<^ Hxiuejitjaiiy process ^p'H' *^tal lat^ tur ejc ■> ns- '^ajs accuirt:- Dv t'k' ,!m?2c s<:nM>r 
1 1Q spectra! piO^es^or can be operant e to receive imds.c ujud m^n the imag*, smsor aj & rate 
that 5s independi^in i.'tc of ■^livant.tf ot tJw ily* of phannaccuttca! dosage uniN The spectral 
piocessoj sail "pcatttc to recene unagt? d^ta iiom the image &en<?or at a rate that i» 
independent ot a vrc at advani.e of the f1uv,\ phimiaceuucal dosage units Th<. spectral 
prcK,e^!>or can be opmuve to perf'^t i ^ »ititv jrwtv; -ixx ir ji nwfsspii! ujoj) - (ws i '^pectntj daUt set 
dCquued iron- ihe inuge censor I a. itvv ^ d ,)ro^<."« sr c^^i >sa n'n c h> p'-rfontt muItivanaSe 
spectT-ai jnaniptibEiOS^s on j spet, irst data i.et avqtursd tr^m tnc ns* 

moUwi goiicDl Aspect, th^jm etUKM^ tc-a.tufvs ifhrn; i Uii. i i<> a^s nnn 
marufactorii g p<Oie^-> oortad < pp ii it'i\ Hue ic'' v-^t 1 ^ ^ it wi^!. -.Sv pj sje^ -i ig „ 

p}urahtyof*;pectral!^ di^vrUc uMWutj men hinn>cci.t!ca. do^agt- 

imuiOntoanmi^gvsv-'ftSsOr, 'ndniCjL sk f ■> v ^ ^ ti!<r metsnN tor 

nkerha^ir.gfjUe! chatvtvMstRsrhatsar ^i>w ov. < r iv. p i nu euticJ dos.ige 

URitS. 

JT i ui r» ptKi.NNc<>'( ! ^. >l! *' i 'i.s-r ii p<o ti tmpr a pitirah's tt! 

s{VCt£i'i\ dis;, 0 C\C)Wh > i^H!. uCofa lOsV 0?pM i i.<, Jt!(, Si <i ^agv li'ltts otuo in 

miaKe NeR>,(>r acqtijnng ^ V - ■'^uui p i' ^uc flow of pHm.^. ."afi.^ i^*^ 

)ffiitM>5ecesMngt'K*iii!i -J' u ^s^n k^j sr ^' i )w>)0'.)d n d ^d!i.>n rfoout 

the no\x (-1, ph> u.s a. ' ' ^ "v-!,!-! Pi ^.'"Sn,: r'lrtef-^i.l 

cnihod.me\ts, ih.- upo ^ i j'- ^ ^-.<, "vh essfpoMd':. ipg 

mr,i»> 1 uujj T io^t. ^s ^^->m ijiturau'H t'hii <ippd ^ m' ^ < ^ s i < e sv'nscr i 

ot a flop's, otph«DTacei!n^i!lv.ov'g<'ii)i!> A Npe<,<^i n svkv ^■'iCi s(,i.^'!ed!! UvS 
Dtttii betiaetjn a radiation So i'vi rht d ">sv <. ? . < ^ s .nd t wr>-*a^-e Naisu 
spectiai pr-wc^'s.jsor m> respi.»nme to m outpia oi tSic miagv ■it,^A>i and having outpv t poi 



3 



In pitfferred etsibodtttients, the spectral piocessor cm mcla^c a color mapping mcxkle 
operative to map spectra] mforniaUott mto a cobr image mcimling djfSerentl): colored ateas that 
corr^posd to different parts of tiie flo* of phattaaceuacal dosai,© amti havmg ditliencg 
responses to different waveieagths Ad addiaoital processor cm be opemfive to evaluate the 
dj#ere»t!y colored areas^ with ihe addmoRal procsssor bavmg an tnpwt respoasiYe m the 
mapping tnodule and an ou^wt for providnig mfonfialion about ihe areas The nuppj«g modute 
can be operative to shift a plurahty of the waveieagths ta a smaJar mannes The spectral 
processor eafi mclude a ^pectrai companson modtile operative to compare spectral s^ignatiires. 
from a Isferarj-' of known spectral si|3)stures with spestsal mformatioa acs:|iared fitsni anage 
sensor The spectrai comparison module can be op«^tive to perform spectra! comoanson*; 
between the spectral njformatjoft acquired 6«m the mmee sicasor and ^wctra! ^tfinaturu* for 
fcfiowo mgredients to a pharsjaceutjca! coraposiaon of the dowge \smt~, The processor v\tt} be 
operative to receive, idennf>> aod store nevvly detected spe<nr.<i ijgndtoreN tsfxirkd os the 
spevSrU conjpans.on module. The Itferaty of kaown spectral signatufCN can 'ncludc a pHira'if) 
<ipect?dl Signatures for kaown defects The processor can be operative to receive identjh mi 
itore &pectxal si^atisres for newh detected defects reiwrtcd the specirai con^panson nod^ile 
Ttw spcet'al procew>i cafi jacludc a spectral coTnp<jnsoa module operative co'-npuie spe;.t3al 
mionnaiioii rev.ej\,ed by the tmage sensor fn ixi^n.' tt s iwK- UsuiSiX pjccniia c 't'e iIosk ot 
paa.tnJueotical dosage uoji'*wt{h<;pev ID f -x-^^.i ^ ^ v vv;>im the Mn<ut, ^ensorlfomti^e 
JIm * ot p^<>-i11<^ceut.^;i! d ^saa^* «!t!t> 'I be u id^^ sensor ^ in oj txM.)-J .tienMoi }! ,irr5v sen^oi 
uiot t'i tl .-^ uiv Uiues de Ck OiJicd gt'»«n \U <tk ri« <-n ,U)n Uhii v f<n ^Ikl to mi djrtciton 
t \c t\m <>r ph<3xm,icet.ticai dws.i^e unus The spectrali> s<;5ec«\ c eiemeir. s-^in tK iuds . 
Cittracnoti grating The spectral procs«»i«r can m<. ludt.' a coiot itjappirt^: n ^^dt'^c t >pcrfit.\ e u > 
^np ^nut cii ii'fonutian mtOxi voiw mwge .rfoludjagd'tYesen h cak* ed jre^s tl.it vor e\x.r ^ 
t ^ dit Va nt parts o ihe '"'onv pha mai.cijtic.t dusij^e un % n,i\ .t5.> :iiff,;r<r<2 ic- \ir ■^es jo 
^iSi:^,; eii \\ a\ ciensrth- Vi^ image ptoce>t>.or cdii be responsive to the output p<> t of sptt. tu 1 
PKices or ariit op^nHut to evaluate mfynitatirto from the spectral prot^essor T^^ tm-^^'.^ si. nsi.!> 
c^n be an ta^ared image seas»-(t The image sensor van be a near infrLtft-d mjj[<. -en-<^r "h^' 
radiation source can be directed at the tlo-^^ oi pharma<,ei hi.dl d< - i^^^^ mn-^ u a 5>o it osi i ^ ^ j i 
the irEjage Ncns^or $s restpoii^t^e Hie ilovi. of 'iharinacoyiical 0(>!,ac;^ isjnts catj nv.ijd^ a \e! .>^s 
df ^jit. . r'b located m roi^s generatlj peipendivabr to the diK'cnoti ot ttw tlo^^^ .-n 
pl\ ' Mce .!i -1 oo jl;. e (mK< , sx <!h the .ruav^e lei^snr it^iudtag. tor each of the dosage m t\ n a 
rcn^ a p Uia lt^ ^^t dct^v..r ^ ti)c i\! tJ'it s fcrperd^u.^r to the direction of the Hovt of 
phanxiacamtcai dosage imitSv The spectral processor can be a reai-trme processor operative to 
process the mages at a rate t\m is> at 'ea^t cq t&\ to a rate ar A'hich nnages acquired hv 
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miagu sensor The speceal processot can be apcratjv<s to sequentialij^rocess spectral data for 
each 'me nnage acqtajed by jhe smage "setoor. The spcctrai processor cars he opcr»5t>-v^ 
ftjven « inace <iAta from the image »e«sor at a rate that is mdepesidctit ^ * a -iit^ oi .ki\ar ^? ^■>^ 
i\<j\\ >!t phamij^etitical 4osag« units. Thsj ■'spt.'C&ttl processor can be opcratne t<f fe^,e^^ s; tnjgc 
dii.i th^ iU! jsj"* ^er!^>r at .» rak- that is tadependctrt of a rate of ^vance ot'the flow of 
pharmaceuucai dosage units s>pe<,tra{ procei.i.or csn h& operative to pet fonn Mm\ anate 
spectral maaipularioas on a spet-tSvil <iJU ctcoiureci fso'n the itmg^ sensor The apecttai 
processor can K operatj^t, to pcrtoiri) mutfsvaiiate spoctrat immpulatious on a specirai Jata set 
acquired torn the i"5-tage sensor T he spectnillj v^'kcttv e eleinem eaa be a filter h3.% mg tsaer 
cbaracten'ittcs that vary along the direcaon of ftovv of phsm^acetjttcai dosage untfc Th<; 
s-vt traUv Si«kctne clement caa be a cnfitmuonsiv gradcsWe filter Fhe spectn'JSv ^eitxine 
elenimcan mc^udc a svstetii that srinuitaneou-i) pwu>cs ^ >lufiiA>N ufsp\'raii% -discrete 
%mion), of a s.arne imsge onto the unrigs* so jso- 

h\ another gt:<fK'nii aspa-i. die invention tcaatrcs a pLiniiaccuXitvil dub-ags mn 
nmufacfu. [n^ pmcess cyiiro! apparatus, that ticitide'* rwan^ tof ^cqyjrng a piui^'Liv -^nu't; 
pixel images ot a tlow ofpharmaeetiUcal dosage mm at different wavdengths along an ta^i 
IS p«rpTOdfouIar to a:dire(mo« of the flow of 
processtsg the tiitagcs acquired b> the means for acqauing, 

In a risther general 4{>p«ct, the mventtoti fea&tres a phanuaceutical dovsgs uiitt 
manutactunog process control i>-ieth<.>a ^rv \\i 'romring a pUfaitty of tstulrt-pixel ima^ev of <! 
{low of phatmaeeitttcai do<>v.gt vn k >i !*t ^ f ^ < ^ engirt- along an axis that is. peipeneicuiar 
to i d£->^ct V r v>f ihe fio\\ of phamiaceutical dos3.ge units, processing the images aeqwted m the 
siep I f c.c."i!>ni>^', atvd provk?ms an tndication about the flow of phan^ac^iticai dosage umts 
based on the si;sp of pFtxjessmg. 

In aootiier genera! as^uv, ttie .fi\<,'!ition teatufes a phaim wiutjvai iios.av wii 
maruidc;\in'ig pnxcss ^ ontrol apparafus that includes memi, tor a.,qtiti sitg a piuratt; » ii> i uil i 
p X Hv ir ui- i}t - ilnv^ of phantixeutical do-^age aiiitsi along an .ixi*. that is p^;rpeIld'^. J j >'> 
a dire.'n-n) oft ■ u\ of pkantaeeutKvil dosage utnt .-jk' nt(.\in\ f->rpro(.es,sin:j!.v 'jna_es 
>iv.q(ii! ^6 n t K -itv ot qtiiE iiig ai the v a ^; s Ci^e ^ e« In pic'-ert t^J enH^ftJsiW'if- t )(.- )fK<i is 
av<^!,iintv vdi X* up!.i-atne TO ai.qu'T the ti pp,ol miag^s ^i a r-^tc that is niesv'ncem vii a 
ra (. vt! jfU .uKe i'w of iiki-Tncveu£u\a Jo ge <f.ui„- 

In 1 u'p'i tintu' >sptvE ire ifUJ!i>tos> tea'Utcs iplvni'i craticii dosagv sm! 
many^ctunni' m oo<,:,- cc \t!>-^l n^et'io^i tr it iiK'uk- ^'cquirmg ? piuKiLr-. oi n-^ ucl . 
>rnagt;s oS a tlo% at ph^mtiaceistsoai aosags; units along an a\N that is {jeipeaidicular ir a ojre<-iKT. 
of the flow of pharmaceuttca! dosage units, processing (he tmges acquired tn the step of 



5 



a^-ujiiiiiji ^-i tb«,\ dfe rt^le'stu aad providing m mdte&um About the jsow of phsnmceutical 

pix.-t Stne t ^u^e'i at a rate that is tsdepcndem oi a rate ot"ad\ ance ot «>e ikw ^t ptwan^ocut cai 
dos-ii,K' yiJ! ^ 1 he s.tep of acquinsg ca« take place tfemugh indn idi®' packagmg edls for tlie 

dasajLc uruts. 

i.) •'jiotre! jsnetJ a'-'xii.t ihe ri" eraon feature? a pmrcss cu li.oi ,ipp%r^ tiiat s k-- 
wdiu <■ r i<,qu!nij i -p<,..tK ! daH ^el txfun .i proce'ss flosv, the -rsectn.! aJ^i jtU j fbi, 
'e^poa-'e oi; At<f ^oi i-^wt Uti. ptxtcesa tlow 50 tiifVt-nit >s n '^iengt js ■>!" radnt yn, sn^ 
xnuiTK t,->t tji <pp!}i^ the -iecttal data set to a >,olor image tncluoin^' d'fteicnti^ coioret' arf^o-. t.m 
cone-.po.nd to diheretn >jns,> of ti^ ptirts oftiie process tlaw ha%}ii2 0,ft„*rfi>: "espotts*.^ to Ov' 
^ Mvrsjrt v-i^-f-ieiu iss hi puieited empodiment- th« apparate futlhej titcludcs meaiis. K>f 

d rri r htctcjir'x Cfkfx.ii'^^a- having m ifiput respomjve to the laeaiis for mapping 
and an ouSpm tor providttig uHorEHiitKtu about the areas- 

h a tehcr i^e-eri! asi^eLt xhi invetiiinn featUK*. 5 iMu^v- . c mitaod that uiciude& 
ftcqumng a sjsectr^d daia -jCt kom a proce&s tlov^ . die spectxa! oata e\prei»mg Uie respcj^sc ot 
areai c>t a ^uriace of the prooevs. fuiw to diftcrent wa%eiengvj:» rjcliauon rfjjd s.^ iopuu' 
■^pfiural dm 6et to a Cidoi stnagi udn 'a locnU uieJ .rcd- thut conre^^^nd to .-'s^loK-tn 
one» ot the p^rts oi the pru^. do^v t is n i. k '>c ; r i respooNC 5 > die J' Tier? u waveieagths 

fat Anotiier gcncjal asp*.*.', *he s c'-ti^jn uu'-!,s j pK - r >1 .ii>p^''>.tU'» Uwt irv.}initf» 
an m'k.ge setisor mcludtng an <>f dtit^tto) cleme.it- located ^enerad^ j'ong .-p >\ •> mat is 
pci^'enditiilaf a d're^ ler v't ) p.^K e^s a ^ixMnii' sekvu^e .kneiit !o>.avd tii , n opt.ca' 

>tn^et i i Uiiui'i* '! vHuv ,-1. i o^phirmiKciii wild.-vs.'kc a'jirs ml div sns-Cv en << 
a id a sp<.x 1 «S ,^ro>.es-,yi -e-pon^s x e tx> j. ) o.i ui 0. t\w u la^ e ^sor 2ik3 ^ r m j ..utp > pc-ri 
Ibc ^i?ecti ^ ' pr^ves>sor i lOit'p i s \ ( ttJL comp.3nHOi nnsdu'e ips- ratn - <i o 3re >p^ i Jrai 
sigjiatutos horn a lihwr. i>{ kjtowit spe<,;ra' ^mnttij-f- v spf-cfi' <!!on.ian-:>n .tqu <>;ij Uom 
the iiTSSg« sensor, 

.ip.ctcrredernbodm'ms tht HntessO! v^'n V p^^-a ^ f-i.^.,i>!\v >kniu amsoa 
spei,S)>' nnatre:^ to'T.ewlv deiec't. '■c-'v <"^. ^ \ ' i, mj p Mi-on n >d 1 » Ihf 

i^ecti -Mipiti mf^Gi! ^ Lsr ifc oper^tr o n , 1 n ^ 3 <. r p -es-oe-jdie 
spvciii m:on53dtton acciurevi ia m th<f tm V 1 \!, > m ^ s ■^i-^U's 

«i'>e:it a! iiiv<n.atK ^ :k ri ^^i-'i^i-s^ <- j d spfv.rai Mgnattsrev for knows 
ijigrediesits m a pharmaceuitcai compostttOE ot Use dosage tsnits. 
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In a fUT^et gefiSrsI aspect, &e invenuotj features a process amn al apparatus; ihn 
iadudes means for acquiring a piitraiity of mulii-pixel images of a process fiow at dttfenfnt 
wavelengths aioitg m axis that ss perpendicular to a direction of the process fiov,\ and means for 
compsrifig spectral signaaires from 8 librftry of known s<>ectr3i sigrsatiires wnh spectra! 
infonnation acquired in t3se step of acq«idng. 

In prefenred embodiments, the means for ooniparing can be operative ro receive, identify, 
and stoa-e spectral sigaatures for new defects dciccred hy rhe means for contpanng. Tlie tneans 
for C0R)$»aria§ can be operative to compare spectra! signatures for icnowti defects with the. 
speetta! informatioR asqufl^d in by tire means tor acquiriug. 

In snotiier general aspect, tiie invention feamres a process control isethod ifaat iueiudc-s 
acqtiiring a plurahn' of niuid-pixe) mmga of a process Oow at difTerest wavdetjgthsS along an 
axis ttiat ss perpendicuiar lo a direcrion of the process flow, eonipsmtig spcctta! sjgnstures from a 
library of kflown spscti-al stgnsitiirex, iuciiftlaig a plurality of spectral ssgnstufss for known 
de'fects, with sjx^ctrai mfomiaiion acquircii in the step of acquiring, atrd providing an indication 
about Lhi; tiow of phannaceutical dosage units leased on tiie step of proccssit-g. 

In preferred smix)dj«iKJftts, the method further inciudes the steps of automatical ly 
idemifyjr.g at^d storing spectral stgnatures for new defects detected ;rt the step of comparing. 
Tlie step of comparing can be operative to compare spectra! sigtsatusvo tV>r knov. n deieet? with 
the spectra] mfomiation acquired in the step of acqti iring, 

in a further geneofai as|>cct, tlw )nvendon featitres a qualit) c:r.>at!o[ apparatus ibr a 
phannaceuiical cotrjpC'Sinon that includes a tv/o-dimensionai aitay i:tmor including a two- 
dimensiot^a! array of detector elemejits, a spectraiiy seiecltve eienient loca;ed in an optical path 
between a nidiatioa so«(x:e, the fiowotphanriacetiticiil i!u.s;!ge ^inifs. atid the two-diineiiixmal 
an-ay sensor, and a spectra! processor K'sp«n!{i%-e to an output of the array set>sor atid !ia\ irig an 
output pon. The specli-al proce.ssor includes a tnappitig tnodiiic opcraJi^ e to snap spectral 
infonnation into an image including difierent areas eonesponding so different coniponcnts of tiie 
phannaccotiijal comijostrioo having differing responses to different waveieagtl^s. 

la preferred embodiments, the spectntl processor can jt^ciude a spectral cotn,parisoti 
moduis operative to compare one or nwre known spectral signatures witii npccttai i!)ibm^aaon 
acquired fTont the array sensor. The spectnii con-par! son rfio.Jtile can he: oper<iuve to pciforni 
spectral cotnparisojis Ixween tlie spcc;i-.3l nnbiTniation a-iitniied Irore the array senscjr and 
.spectral sign:it^ires for at least otK: b-r-un sngredicttt -n tlie ph,arEr;accutical cosTiiwsitJort. 1"he 
spectral coiitpar^son n^odule can be operatise to pertorrti specttal c;jtnpan,^ms between the 
spectjal infonxjaiioii acqtsired Irom the array sertsof and spectral sigsiatures for a pi«nsiity of 
known ingredients ia the pfearmaceutical cotnfXksitioji. The spectral prtjcessor can ineiude a 

t 
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aenbor trcjm i refrrciKS v^ropk with s v ' r r.».ci\eu bv in*. ar-,n sctisor The 
v^^-cfrii'^. svk( f ilemetit ciin hk 'ir^^, „ri ipjM,t<n!s can rurtler aicKiv-:." 

>.n trr re p'ucc^ o*- aspoii'-u >j to u o >j rx. ^ . . n]. ^ - )i ^isocc-jsor irJ onerative '« 
ctaii^ie nf in' dison trf^ n *ac spectral pnKe-^*.' -^n-o! i.a.P he I'j Mia v i )nasvj 

seisor In*' j,< . canbca near » 't r.-i ! ncm ^' 1 he njdiaUi>T' souwo ire 
urc^Ud A he pL-jntiaceuUcai compt. -^nion a ^ < «. - > v InxM th*. nr u >>ii\i»of responsive. 
Tli.^ t^LdiatJon source can bo mtjsred n^du -,K,r ■^on TIk- sitcctiai proc^j'^^or car be 
opent se uei-fonr =ipei.tsr nnnt ■^u dJ^o i-> a « ^;c*rai daia ihvU intiuJ*.*. MnaiJe \ siwa 
(iijferetit AavoiCitglhs tor e^.b o* p'. ?i!t\ or p'xch vnrr<i-,oondtrg Jo of the Jetoet'M 
Cicmai*'; in ihe <kte<,tur ,irri> TK 1.1. tv i.o i t<u ,i --pit 1 < > «, sn i>e p.'Sft of .-n on-Ij.K- 
ttiomiormgappdiatuitiutcortttrnjou-K -if^ -^rn;,? Mb lb. v^iaikv !,u k.j 

vJrpara'v- ^a?M^ecpcratne to detect MO lijv L ^ct i r ui'en< 5i!S>fnut >!im/v.->. 

prodiitt d«k<.ts, thAX n elude toaami atjun u laraa Ju v .ddv <..>ntK>' j-^paiatii^ cao x 
iipt-ci'ivc So detect nroduct dei^cts fh h d- p-i^ ua t n j u,)i?o jti The nuppsr.g ns.->du5e 
canbeacolortnanpmgirsxlxic Ihcipnru.s i 'li.thc! mdude d^n auiitunai pis.ce^sof 
opexati-ve to ^'valiwhC tl^e vSitteren arc > w '^h iht ^dd) u r ii u <.c. ! < \ rs " an inpi-i 
responstve to the maop. ;j i;s->doi .d , ^-1 i Ui uu ,ib<sun!v isva- fv.e 
ipeaiaiBfCvessiOf vr'besn^eniSi^'- ^-'^ ' \ s. 'i p d c > . ^^i- » 1 

All icqi utd itcJM.K'aiT'v 'U so n'..' r^^SiiS u s< >; i\ v tet.^ptHOin 
iWiUivanat^; srectrsi mv'n»pi ..itiom ui a >.pe>.*' J d^n < ^ jusr^^ Uom ihi,*4 r^v 4.ori=s>M Ifte 
p«vMlh dv.i.ie!i! ^^n mc.'Ki i 1 ti.^i i-'u-.ts sh projms a plurality of 

sptxnailv-discretc^ersjotisoiasaijioi.^a'eotto he ^t^or, 

in at vtiher g,:' trJ ivpcc .^c niters k^.; s^-, 1 ^u.i!k\ ;.onrrl >,pp..<!u . iu j 

setexpjLSva. t'.eus'vn^*. o{ K, i <• * i i v ^t, >, >p' ot fadsatjna aisdme-ifis 
tor Tt-ppstJu tH<; vpe<;irai da <» si tu as image rtcludme 01 tL>r;m isea that t,t>rre;:^pk>ttd to 
diftv' vjt t ..ompojjem^ iifths pharmaceaticai cowpositJon feavmg diffenng njspotises to djfferent 

waveleagihs. 

It 'wt.;rrcd emb<.>diments, sfae means for acqmmg cm mdude means for sdsxrtmg 
i^x^mryncnt- of i.xli; tfoft received fiom ingredient^ ihc pharmaeeut.cdi c >->rux»?!t50ft, 
Ii\£ ^lei:r^ lorpso^c sir\C-^ii inci-t -^-^ V ' ^ r^-- '-Sv, ^ ' jt^s *.om tsbraty of 



in a ftirlfa«r gejEsexai aspect, the mvefllfon features, a qualnj coittrol BietlKJd for & 
phmmssiixmi composition that inciudes acqusnng a spectral data set expressing the response oi 
areas of a surface to diffeitmt wavdengtbs of radiation, and tnapptng the spectral data set to a 
color miage mcluding differeatlj coloted areas that correspond to different oces of the pans of 
swrface having diffemg respoases to the different wavelengths in prefwed embodiments, the 
method csa fiirther mdude th<i step of coinpanng spectral sigjiatures from a library of fcno^vn 
spectral signatures mctuduig signatures for one or more oaiaposents of the pliamiac«uticaS 
composiison. 

Systems accofdiog to the mvsntf on are advantageous m. that they cas; eonttnuously test 
the actual composjtios of each dosage unit within jt> packaging. Such systems can therefoj e 
screen for efrors. in coloring of mgtcdieai^* for contaminatsoti or breakdowa that occurs 
tndependeat of co!c«ag, aod for other types of em>rs that rai^ght not othermse be detected And 
became systenaa aceotdtag to the mvention can peffortn tbetr composition measurements 
throu^ dte cnd-a&er package walh* iJiey cart detei-i cofitainmatjon cn damage that occurs annn^ 
packaging. 

^erfoumng coHiposidoii analysis by campartiig $pectra} Jttfortmuon with bhranes ot 
know spcetml ssgaattites, allows stnail concentnatiotis of potentially dangerous cotilarainaatSi 
suieh as; potent toxins, to be deteeted Without being coweiated to a specific spectral stgnasure, 
snch small coacefttrattotis mtgjit have little gfieci on poor an process mctnitonng methods, and 
might therefore be dismissed as wtlhm an error nsargtn. 

Perfomittig compostitton ,3JtaiVb.f > hv conjparujc «pectra} .rtforrfjauofi ■ss-ith libraries ot 
knov^t> speetfs! sjgjatures ina> also .ilhw l\n ix>c deics-ttoii ujie\pected componenfi. 
Comparing vscqisti^sa ^pec^ral inloma .or. in jbsj sesol vomprtiieiUwrnd^y j.fKO\ej 
coatemmanis not aoniuUj associated with ttse pr<tce&s Tlui Ria> allow a manijfacturer to avert 
haKsrd$ that an««; twt 0:f tmforseen ctrcamstaaces. such as siigf^lier eiTors or deliberate 
tampenae, 

PerforouL ^ornpnscitKtn .inah-^is by citmpariftg ;ipei.5ia! w tu-i j Aith hbn te^ oi 
Lio-vr specst ii N\gt' itiia n m<is 'ur a'ktvt tor the detection €■{ -^i h Ic m the prnv,;^s 
Bev^iiserclat^couc-nUu-v^ >Rpc'd en s can be directlj measured j cOv^sisitf euu- i fi.i>imev,; 
^Oj^ivtiitnti. oe detei,ted Wbifc ;>uch s. haages mwv not v^arrsHU T^:Je^.^l^,ni of the pmducfs. u<y 
in<n i]lo\<, ttK- proces-s. to be optiffiti-ed aad prevent tne process from dnfling out of its intending 
operating muge. 

^vbioni's iv^orJ n% lo t»^« .n%ei«50si may iiUo be jsuai^ceu'- n *i:ics v tn 
process eiigineer to select opt jrnat prtx-.^ varutbies to ijiomtor. By niapDing selected 5|X'c!xai 
mfomiatiuR into an tmage, %hich j< then r*rcc>?Sscd by an smage processor, sx vtems according to 
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th& mvenJion can appiy tbe image processing restwrces to the speettai data that oorrelates b<ist to 
known ar.d pniOKied foiiitre modes. And because ihe system acqj«res iafonmtion aboGt a Isrge 
numbe- or w^vc en^i's ^.mithajieoik^ly, a $vslero operator can try a number ot'difterent 
approaches to achj«v6 the best results. 

Fig, 1 ts a djsgrani of aa embodiment oj a phamuceutjcal dosage unit manufacmring 
process coatroi system acewitng to the mvention^ ajcliiding a perspeeave portion jUusErating i3ie 
relatjoaship bets^esfi ihv image seasor. the spectrally selective element, and the process stream; 

Fjg 2 a >t}a« ^■lew diagram of m image sensor for use with the process comrcl system 
of Fig. u 

Pig ^ ^ iti.!i vse^w Jwerar liiusir^tms' ft!Jtp\}t of {he ssS'stemofFjg, I: 

4 - • tl^rtN.r"!! 'iuHiTatffisthe jr-<-s*^">n<^t^i^eet}\KniimentofFig. Uasd 

Fig 5 55j a dugniHi of a »econd enibodirtitfin <tf a pharmaceutic^ dosage tmu 
rnanufactunog piocess coots o^ svstcm accoj (itng to the jfiventm, including a p^r&p^ctne 
portion lUustratrig the reb^ionsbip between the image seusoi the •'ipecirally selective* elcnicnt, 
and the puxtess stream. 

In the tls?ure->- hke retes-yncc fiu{«lx'!s, repjcseat hke elements, 

Besermtioa of a» ISIastrativc h mhadlaieot 

Refemng to ¥iy La phaHiiaceetical dosage un^t manutacrjn^jg pjixcss caovol svstem 
^cc^^rdi )=£ to {hv ii'ycn* f<". fcUure^. an linage sensor JO and a ^pectrai}> <5eieciivc e!et<ient 1 2 
i i^ ig . wiih \ (1 thaf L^ame- 1 senes of paraileJ rows of pharmaceutic-a! dosage usiiti 18 
cipsLt'cs f<ib!ets, peileus ampoules, or suK, in vi proce»» t'iow direcrtoti Tat e\m)pk- the w.-') 
cat carry <^ i^ntmuous stfeatn of hi {.'e-r p. xk,i,vi- J t jhiet , frotn Uie ou'pjt oi a r>at,i.aiim(j 
itwtlMi V.' 1 ht; 5tna)Jc -jcnsor i» a miitti-eleinenj senior th,i{ mchides at 'east d sex ses ad)«.x-f.i 
'e)f<!n> tk'.ne-T- t<-',.atea j:eiseTaU> along an axis that t» perpciuhcwbr to iho now drecfuj TT-ic 
spectrailv 'i^ c-!ne el^ no.iJ is a waT-e'etigtb <<epan>ting element, and ss pjeieruiis a ^.i^^rl;r-v!\e 
eiemcnr i«>jc i s<i a a; ft a.-'tjo i 31 ixi' g a pi i\m N> ,ed !«<'.)Oi.h, om^ior 

'^o'e<Tig;^l )-2 the jtiui>e sensfti iOl<!i■«^.-^etah!v4t^vo-^i!m?^^!r'ivK'^a\ ^ej ^o* 
that iiicin(i«.is a ivo- j !n^;^'^iOtia^ arra', v>' detccior eieraeiite, made up at a st'^j <-> hn.^ u* 
ek-^f^n-j^ik - \n Bl !i'<, M Nn) shat are ca;U5 located generaU aJos 2 c> 'ii, 
perp 'ncKiii 1 't^ "H %v 0 iction 71ic image sat or catj ij« luo ^ arr.. oi u K^rui. 
sK-tnicynauctor elements, %uch sj> a Cliar{^e-Coupied Device (CCD) ^a%, and iS pieferabh 
sensitive to mfirared tsdiatiou, Uncooled Mjtim-Ovihum- Arises ide ^^IfitiaAi) a»ays, ■vvfaieb are 
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seiuitive to r«stt jnfr.i«s3 w avdength^ are usiabie image seniors aim<^aUi ^ensuivsa to longer 
^savf'ifngtlis woi'id K' ue^^srahie vOntcmpJaJed ihdi the scrsors ^wouW ptes-eufoij have 
dsmeri-jons <.>f at ieait r4 < (j4 en 2St- k ^-^6 Wbv,re nuc'i serisuf n m- i^ot squdiv. tK.^\ 

be onemed wub thc.r longer dimensioa in the dtrecUon of the process flo^v, as spectrul 
mformiauoTJ appears to be typjcalSj sTK>fc importaat than spatial infonuatjoa givca the nature of 
phami&ceutieal mass'ppoduction eqinpnseitt. 

The system aJso adudt^s an image acqui'^nson mteritsce 22 ha-^nsK ir inpt t poj-r 
jcsp'oa'=sive to sii output port iif the iriage ie sor 10 Tbt. mugv; acqjjsitjon mtfr^ce re.;eiYe^ 
aiid'at *<r>rn^f~ t n&zs t.!gnaJi> trom Uk- niiag^; sco^iO} It can a rhjcie jtn «(if-fhe iV^nif h iikr 
card xjitth a 12-16 b« dynat itc rajige, sychtis area-^ailabk irotrt Matan ibkt.tioniC S\»ti'!r- \ td 
of Motstreal, Canada, and Dtpix Technologies, of Ottawa, Caaada 

A. <ipcc:tj?l piOcessf.>r 26 ha* an mpu) respoTiSivt,- ro the mu^t.- icqi i<;itton intertaco CiJ 
'tbis spectra, proct^^or h<is v' ^ow^A mtput provided to a our.e ^otj ol mterfa;.? I'O, which cm 
p<)w,^'t .in 1 con Tiv an inLnunution siource 14 llie iliutvtinai ot nouiCC for nea.r nrrnred 
mtu^uti^n-'&nii, \ prete"at'!> a Qudn/-Turtg<;ten-Haitde ianitp 

Thtf pectra. processor 2(> JS alsooporatnely coimected to a undatd inpt t'octpui tlOt 
tntertac^ 3«» and to a Uiicai spectral ltbnir>' 24. The local spectra! hbm\ mcluaes 'oc3ii>-atorec 
spectraS sjgnattjres for kttowrt process comporienls. These components cas include ingredsetits, 
p^x^eess products, or resuhfs of process defects or cont^iTmsi.si so" ~' hf- FO uiieifac* caa also 
operatjvely coatiect tise- spectral t>ruc«s»«^T to s mmxc spectral hhrar*- 28, 

The ispectrai pnx:cssor i.s opesatively connected ttt an insage processor 32 as we!!. The 
itnage processor cm be asi off'ihc-sheK prygrafnf!K-.hl£ ir.dijsiriiil mvdns processor, that includes 
special-purpose image processut^ lu,r>;U>,;!K' atid m\urc <.v>x\uin>Kiv, rouiines that are «pcr.i!ivc to 
svakiate shapes and cok>f,s of niatuusctured i>biectf m iudustrial envifoninein? SiKis xysten^s 
are avsiiable frons, for exaoipie, Cogncx, Ittc. 

Ib one embodtatent, the sy<;{cfn i< biib,ed on the so-called IBM-PC jrchitev^uje Tt-e 
image aciUiiiJition ntterface 22. 10 snreriace 3^, and sttiage processor 32 eai.;i occupy expansion 
slots on the systCiK bus. The .spectral processor is jtriplcrncntcd uaing 5!>ecial-purpos.e .-spectra! 
processing routines losded on tise host proces-sor, and the loca! S|3ectta! hbrarj- is stored in local 
mass storage, stich as disk storage Ot'conr.=;i, otS-ie; .^tnictiire,'; can he used iv impieuK'tn 
systetsio aecoiding to the snvenn-'-n, •nch;,ti!.j v'ir.i\;,- ct't.n"ia,Li;or-- oi'dedKak-d hatd-->,-arc: md 
spec iai 'purpo.se. ;;oft\<,arc rujudnj; on gsraerai-purtvjse suifdware. in additivj:). the vsinouri 
eletr^ents and stcp^ de<;cnbed can be reorganised, divided, and combstted u) ditT^reTt^ \.ays 
without departing from the seop$ and spint of the invetttton. For exainple. tmny of die separa te 
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o^c'^.Uii' s (VnC) sbiiO ctffv'ive can be pcrfonneU ^simultaneously accordiftg ta weli-kiKsvit) 
pjpeURJSg arid uaraUel processmg pnnQpies, 

la o-^erdtKu xfLictrtj^tn F)j>n 1-^, the ^ipecttailv »decuve eSeirent 12 5b ^enMiuc to eV 
.ad <3tKr iC^'cvH'd oft <if hnti aci j.^ the procetii. "v^eb 16, and smateU -i tkst scigv <^:it'f" 
iisch 1 lep<i ;not ^rii-wn, Ihe spectrally ^eie^-m'e e!e«vpJ s^'mi..?. '■'v^ spcctia! cnr.porscn^ 
f.r ihe <-euev led radsatso i j'ong tiw a-v^sj uf the process ^iovi, As <3 n:»ijl% the suece-,'=;!\ e .>tiDS A 
- \n, - Hn, \'l Nfi uf the itxt^ige acn^ior are exposied to *pscto! cnmpoiiet!£S >>f ^be 
radiatton that are of sticccssaeh hisher or iov,er vvavekngthi, dcpej dtng o ' th.' relat!\tf 
orietttanon of the sp«ctra'i> e^u\ ^ ^ktU'-t A« 1 the )t?M5ge ^nsor In ^ne cnwodiinv^Rt, 
porttoR of the line image exieods tjeyyjid tfee v, eb lo o% erlap vi sh a ^utieiiai^ etaeix c sa'-ncle 
1<J loc<«ted adjacent xh& web Tb^ tmpteraeiuanon i a ) . n> tbt tm \ U i f transSer oi 
cahhraS5orsreqmremcmHbetv^een5s\&{era<.thd tuitcci p j^e ^-osnnorc^t fv.vSra sps^ ni 
companson. 

V. 1 t-detetmuiui i-epetitionrae Uii' nri ^ i i i u '^k iKs<,ai ^ 

represematr e ot th« r<5iiwn(jr mc.dsnt m ' ^ sn v uj ( tn i*, '-'^o 

lli5S d'tta <Kf'ncl«a8« mm wues tor each '>{ «ne pixcs a'ona the umged 'inc 'ms the pr-xc^-^ 

256d!ifeuu w'avtjie'iaJ^s h ' ht > ^ u ( l\ ^ < > J'^o p u m on me iiPiig^d Sh ^ O.x-c t t^a^ 
b«en 8ant.f>.d iht. ni 1^4 -Jv-^ u > » r5 n <, fr n-k . ' •, dit i s t o ui^ -^pecTat pr.> ev.< • 2b 

lRe-t^evvni!proi.«'\sn 'hiUfK slu '^s ^ kq^t ed ^ps ^rd ii le <nn^<r q) 
t-vatu ■)!or! t<n itkb d<, ^ v ct bni^^atv. and 'nuia\ } sptt-r ji n i' ip jht.o }n Ihe 
c^n Dtciuas; (.ompautia fei,euv,v ^pe ' 1 . ^> > ^ i\ nu^^s^o i 't 

iihtarv toi pr^'U'^tvc vi-d sjxtrt i <.' ' i "-Hi 

ntOi'UftiMi ott'dnr-^ble o k rcteanv,* 1 ^ ^ \ 1 ! i ^ s , ,p j u i v^*- 1 ^. k t bUx.h 
toolvmg ktr the a,xer..v OA v^ninui \n^i^!>?d if vor PJ!)^iiD*5 uj \^a%„.cnetTs Muk ^±nj.e 
spectndl nuntpuJat.ri<is irt disi^u^^td m nme detail tn M«hi\anate image '\ndl>i.is> ' i->^ Psa' 
Gdadj aidlhms Gj sbn ii]J)le from John Wiley, ISBH No 0-4'?l-93ftOl 6 »lMch Bfierem 
jncoqnorated by retereiice, 

s,n.p4i liooj 'nkTWT<..o' ! i ' V " ix.iv^rn^d<,u ^d '■sc 

s.stiu i.(.ot is i MX at. >. i V . E j,^ ,i t Kx d s{ i,ctrJ er--^ 

„M I i4\, Ik V ' •> ^ \ ' >. t d ^ ofi-sr'-^i^*, i n 

-ivtrk t, tp t 1 i,tn rtien ila^v tt^^ detection ot the Ret\ ^Ainpune.il m tht ' stini 
opeiatoi rep<>tts retne\ea candidate idsn'itje* (b's-p ^iJ) 



0)u< (. nip I'lvTt i(k''t) riL^i.op (s conipktc, the <!V<5iem tn&>y; S5e dit^ereat detected 
V >mpot5ort . srto a voior i tuci an gri.\&taie) htK iuitsg*? (step >4'i As tn? t!\si}<fnf prnte-i^e^ 
fiiUiJCx s;;;^!fCT-i! lie uDitge^ u ^n.t.uit}i latv^s d wo-dtrnvftstntiaS c«}ortxi !:M><4<e ffisne \Vu,;n 
t.in>pkti, (ii.s irnrfgv k ir, he tjamtcncd to the image processor {step 58), winch evabafci thv 
SI? jp-- ano V >t (^f Oio c!»(«5age umts istep &0X sssaes rejection sjgndts tbr rejected dosage mars, 
and compiles operation togs, 

vt^alkd 0' scucc'^d 1 ! rtie (itjcction of tne provei*) ilo^'- de^endms or thv acqu.jinon unc 
^ he I Ra^c can t i^iude a color that reprcsein th<< i.^^mi><>' itK-n i>l \s eb i ''•> it \% can Jso 
include coior^ that repreicat knos^tt >?s>od eompitftetus 1H\ cf^Usts ih.it fepe<;en: scnowis Jefect 
;.oi>)p»snents I SB, and euJo? s that t cpmsent unkni.>wn torf ponettt^ i ^ < ^ T re mapping can alsit 
take the form oi a spectral shit^. m vs h sv»ne <ilt of tnc at-^^usred spectKi) x-jrpf^nen s a^-e 
shifted m 3 &tmilar caaant-r, pre&c u tn^ retat u.ivhir IxMweeii ^sasekin^siis \.stc Dccause 
the tmage map*! compoosmt* to colors, it pry^idc, intonnaJion about spatiai dtitnbursvsn ox the 
pharmiceuticai corapo&iti&ii m addition t0 fden»i> ins us cotnfxjaeats. 

\^'hi}« the i>\<.iem can operate m real-tiu^e ro detea delecti' s pfxhicts, its. resiiiti cats aho 
be anaiv7ed father off-lmc For example ionseoral' Uk- ,r ^ ; d dj\ w funniiig 
averages, dc-jved iTftnith«ie data '^t<i ^je) !k stored itid pcnodicalK c-omared witii eiiterisiise 
uft-h'i^ dstflis^ev of spectra? -.igiatures to detect po^Mble ncvv conta^iinanii Rsiat's* stvectrat 
mtensitis,s .Tisii^i! ho"! relatt'^i <ijTiiiujits si icas^etus or tos-jraicnts cm akft he conpuiSii 
detcmnsjc ' the prvstcss s opnmaliv adiusted. 

Nt^eih<ttLcv,-'c'«'^5V'.ef!t.^ ^sH ,i}T'ji>< Vtuv-Uiih a car be $j£!CRrofii.^t,d 

xsitr tu, pux"ssHv ^NCfivn Mis.! N 1 < ^ v->i (SOU c t 1 1 e t-vsteni can therefore i?e 
rasth rc' oJ.t t •> e<(.ist<ng u st ii! 5t u.^s arsi n<. iun i Yjairc ans m*^' ms pM-, 

Itio acoii st'ior m^>ihod emf kncd h> dv p ott,-*. ^.eitJtxS <^tem catj aKo Iv 
t.(WWuUtK<n !1\ d^Jk'e'it Smce (kta is actjuiretland -c^ctsalh ,iatu'<;=ed a bi5e-h\ -imc 
isa-js tne t-iVt-tE.-!! pfs.^fissor d(se- no» have it> -*!. i jrjjv . !t s jnts ntenmhato tci-un - Oi c.' a 
j'l!; s^?n mapped so a tfiiored jfnagc ailoj hv vi{ui!!.d d ta a:5t. Dt^iiTiedi^v i-urs 
i-a'-i Ov tiiv r V i ^nd a rca line ptocv'sf^id Thi-, tan i'lttx-i i*.e .,\ N'tir !u <.-'s?iat; sn a^! lime 

i> ' [- > a<t.v,Dmienbod)i«ento aphamacettUv^i trit iTiar.i,iav>jj:!:i^ 

paxcHTv.nru ^^"tn ^^^ovm J 'uces va^^ sb p-ha!i'ipa\s t'Ut\ !2a 

ivtvee" nvA u trsv' siA u j'n ^ octss strti'Oi "^h -> iVt?! ha^ ^ paTOv, -i^v-- 

oand witft a cetiter waveleo^Jfii that vanes along tfis process dsrecuoB, The ieadmg edyc A ol vh<f 
tiUer pa-^ses shoner wavelength % and a-s the distance frojn the iesdirij edge abng the process 
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Qo* djrecttOTj mcreaseSf the FiUer passes succe&siveiv longer xvavekngtfaa 4t the trntimg edge 
>. of the filter, the filter passes a narrow range of ihe !«ngest wavdength^ The onentatmn ot tk* 
f.UfiT can also be reversed so that the pass-band eester waveiength decreases ilmg the pweaa 
flow directiofu Aithotigfe the fitter has been iHifctiated as, a sen*s of s.tnps located perpendicular 
to the process flow direction, it can be tmmfactia^d m piactic* b> contmuousSy v^mg the 
dieiecmc thickaesi m an, laterfereace filter Frefersbiy, the filter shotdd hs%e a range ofpm- 
batiJ^ thai matches the tm$^ of the camera. Suitable filters are avadabie, fer eMmple, fmm 
Opficsl CoatiBSS Labofatoryvl nc. of Santa RosSi Cahfansia, 

in operation of tJsis exnbodnsnesJt> acq«i5itton interface 22 acquires data F«pn?seiittng a 
sertci nf vcirwbljf-filtered, tv*ifO-dttnens!Oiia{ iniages Thes^e two-dimensional trtu<?t.s tj.ch 
include image 'values for the pixels in a series, of adjacem liite*: peipetidicular tbe proi-s ^^t^ 
Sccdase of the action of the vanabie-bandisass filter the detected Ime image* th<i mak. up cadi 
iwo-dtmenssiioaal miage *ill have a spectral content that vanes along the procc*. cjrect-on 

1 he van ibly filtered tjnage* are combitied a«} they ^fe acquired m >traer U> uinajn mil- 
range spectral images As each ittiaged line progresses along the web, ea^ t ,i..^Cs,' .si t le (M 
, > A 1) of elements m the array sensor 10 will sense radiation that ha:, been tei cd throUjilj a 
corresponding hne fN A> of the fdter. Tliesw individual line trtsage^! c„ii be as.&eu'-'l^id « 
ti(.,i*c <f fu}l-<!pecirutn fine image Tlie aj!itembl> can take place b> it>e' !. or ii. OD^mation with 
other opeiatiOiix, such a» digital fthenng opetauorts This smb»>dimcn' i-> turt!i,ai4rh 
adYvin-ageovi- because? the \ariaWe-bandp&NS niter is relatively mexpen«i.ve ar.d ivbus' 

-^tiother approach mvoKes the use of un opii>.al n.x'^iem that imiult^av'<Misl\ pro,etts a 
lumber rr s[H.^tnJi v-ancrctc \cr-.!onj, of the sme two-dimeasjoaal mwsre onto t{<e an ry sensoi 
n siais^ fun vue<.esv thu' fti PCTa{>{>liC3tio« Ko PCT'XJS^S. 14:^1 1 ptibi. shed yiaer N^o 
\\v,>'>* ^'^2^"!) ^vhjv'i ire hca* n m^^orporated bv relerefKv' Thv- u^e th'^e v ii. 
if'v J ta Jcous ii. thatt ie\ aiioA hiu.\ d^'ia thr»>«}j;hpu*\ 'o i gi\ 'n \^ch -.poeij, vtithv.u adding 
t.\)v Ti^ ,x(U> ^^btet^„ ot ^n-- '^pc ate -s^ailable from (»ptii,al insights ifv ol I j<n(\ "n2'>r^ 
\ t mhei crt}b>~>dii«cni empiovs multi-source anns. to provide c o !i\i!iiin^. ui jt 
i katu -i^as'c engt'^^ ttiercbs obtain s>pectf?ii luformaiimi fxn'Xt the proccas buvh arrajs- axe 
vK" v' ivfi 51 a i orjeiji.iig pinMN,<i,ui apj>itcafton entitled Multi-Soiirce Aira>-»\" Sled on the 
^apti on is ihs ippi ci »<.f!i ,aid liereiti incorporated h% reference 

I H ptc«e .rmvc'itioalia'i no\v >>ev.ndci>(.ntH'dfnconoec'ton v< ih.) KHihn ut n 
^'rhijOsm.;rt thi,T^i^ h<^Ae\..i nuincoits nK'dst.cahon-vV hsU. -s lip'jftv. a fMni, 

vvui.jiUc pc< t ihp ^rf"sv t qs ^riivn SCUM! d ium n^> apniren iv^ tt o ^ ssiiL^a ndvatt For 
exiiniple. aspects ot the invetition may also be apjjhcable to other tvpes ot manulaciurmg 
pro<,esse> sucti m jietecting t'lc pre<>ence or ujidesirable h> ptorfutis m ihe maanfa<,Eute of 



14 



PCT/US(H}/m73 



plastic articles. In sddajoa, whi\s a m'o-dimensional image sensor %vISj a dispersh e. ov eroded 
spectraliy selective element is at present coatenipkted to be tite best approach lo acquiring lin<f 
iisage data, a one-diimensionsi image sensor coispied with a high-speed Birirtng stem mighi 
allow a suitable ansouitt of data to be acquired in some circuiRstsnces. Therefore, it i« itiEi^nd^d 
tfeat the scope of the present invention be Umited ortly by the scop« of the claims appejidt^d 
hereto. In addition, the ofder of presentation of the elsiins should not be eonstrued io limis the 
Scope <9f any pattiealar tenis inthe cfeltns. 
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1 , A pharmaceuttcai dosage «0!t niaimiacturing proce:>s control appax&ais. compridiiig; 
an jmagessRSOriRCluding SB array of detector elements kxutted gCTsrayy proximate a 

Sow of pbarmaceattcal dosage afiits, 

a sfwctrsUy selective element th&t simultaaeousiy projects a pJural iry of spectrally- 
discrete versiom of a same itnage of the tlow of pliarm8c«irtical dosage units oaw the image 
s6nsor,aBd 

8 spiectmipmcessor responssJve to sit output of the aaay sensor and having an output 

2. 11ie apparatus of claini 1 wherein the spectraily sdeetive elmeM is a tiller having 
fiUet chaj-acterisiics that vary aiong the direction of How of pharmaceutical dosage tmits. 

S, The app^tus of clatsj 1 whetein the spectrally seiective elemeat is a contimjous}^ 
gradeable iiiter, 

4, The ;ippafat!.i.-v of ciaim 1 whcreit} the 5;pecifai ptxKtfssor iticiudes a c<siar iDSpping 
nioduie operativs ly mjp ip^-cti-Lii snformation imo a color imags 'JK-iiiding diifsremiy i;c)jored 
areas ifast corresiwad to diilerent parts of the flow of pkarmaeeutscal dosage units having 
diiTctmg responses to diiferent vvavelengths. 

f. The apparams of ciaitTi 4 fyrlher including an additional processor operative to 
cvaliiate the dsiTerently colored ajeas, the additional processor Ijavjng an input responsive to the 
snapping tiiodvle and an output for providing in&ttuatios ah«ut the areas. 

b The apparatus of claim 4 wherein the mapping module is operative to shift a plurality 
of the wavelsKigths £ii a strniiar raasncr. 

7, The apparatus of claim i wherett^ the speciral processor includes a spectKJl 
tompsfison module oficrativs? to cotispare spectral signatures from a library of kuown spectral 
SJgTtaturei with speciral tnfi-x^rtiation acquired from the image setisor. 

8. The apparatijs of ciaun 7 wherem tha spectral comparison module is operative to 
perform spectral comparisons between the spectral inforsnation acquired fmm the image seissor 
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and spectra! signatureSl'or known ingrediems in a phan«.ice«jka! coispositson of the dosage 

9 The apparatus oi ^Ui n \%1ieiCiri the { mcessoi \<i opcrame to re(-«i%e, lueatin , ar»t 
store isswly detected sjwciral signatures reported by tfee , pectrdl companion module 

i <^ The r>p3n^u-, of ^.iassTi hewi J the Ijbjarv of koown $pectrs! signatures, i eludes a 
plut-ahry ot "spvCtraJ fcjgndtiire> ioi kiiovvn detem 

i t The «ipp3rg.tu!i of claim 10 wherein the processor is opcjtitsvc to txjcwc, identit) , atid 
store spectral sipjatufes for nesvlv detected defects teported b> the spectral comparison modnk 

comF^^<^« t5i«. liiJ"? operauvv* to c«mp. re spectr^J iiiformaijon rc^ei . ed hv ihe srr ue ^en«or 
hojK rcit. E(. K <- sjnijiV located ptoxiniate the fjoi* ot pJurauieutK <)1 sbssge nrntst with ap^^&al 
mtomi,ii)ori rccii^ta t>> the image bctt^ot t'om she Hov of pinr!^.^ccunL" ^ < ge mst 

P IV <ipp«) r>N v>> iiun ! '^'ic 'stwg^. sense j i<; u-WvvdimenvoRai arra\ 

orwivtanh<,T5r>vi.j!,> Mtvu o^st ' > i, aH> alotsg as axjs that !» paraUel to the 
Uirmioi iit heili>v. otpl:n ..t Uv„ t, a un 

14 'ilw app^atusj ctaioi 1 ^ eruin the? •spectrallv ;>«'ievU\<; eien v-nt i iCiudes a 
diffraction gratmg:: 

module oper3*-ivr m usap spectral mformation jnto a color image iitciucnjg dificrcfsuy coiv>red 
areas! thrs c ^ne^r xul tn dukreni patis of the f!>w of phansaceuacai dosage tuists havieg 
ditlertng isbjxjn&e,' to d.ft^ien? v>,a\.*i^'.) 

!t) T.ne apparaat-i ot\ianj 1 hittherimiudjij^ati snuge ^^roa-ssor txNponsue :o ihs 
^xiipu pun of the spectral proces^w and operative to evahiate mformatjon from the speetral 

proesssor. 

1 7. The appiiratus of cEaim 1 wiwrenj th« laiage ssnsor j& an itiisared image senior. 
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IS, The apparaois of claim J whemn the tmage sensor ss a tnfrarsrd lEnage scBSor 



19 Tfetf apparatus ofcjaim { turt'w. jju huh, g 5 laJ itios! soi.!.c:c dv^^jcted st the ilo\% of 
plirffinacetitifal dosage Ufitts at a poi,i*iun to Ahsch the aiTa> -en w si. t-e^pf^rsn?* 

20, Th<? apparatus of claim 19 svheretn the radiation source is an mtrarecs i aotaaofi 

source. 

2! Hie apparatus of claim 1 vvberem ihe i{o«. >■>! phan!?j,x MK.il >-'f3^ag^^ jsun v^c\ ide^ & 
sene&of doaage mats located in rows genera!}} psxif^eiidictjbr to lie a.jcction of tiK ftoA -^S 
pSjarmaceutical dosags umts and wfaeresa tite miage sensor tnchides, ior each M x-x'-^ do-age '-nits 
m a tow, a pluraitty of detectors along liie axis that tft perpendicuia to tl.e dnectios v>f ii.s flow 
of pharmaceuucal dosage tmsts. 

2:! Ihe apparatus of clajni i ■«herejii the spectral pruccssoi i\ & real-tm.^; p Oi.t^*-«or 
opmtjve to process the images at a rate diat js At least equa! to a rate at which jroages arc 
acqafi^d fey \im tnjage setisoF, 

Ji^ The atui 0 ! Li tn ^ v. herein the spectral processor opetativv* to s»e(iue«ti3llv 
pTOces»& spectral data for elicit \<nc suu^gc a<,au.fed ov \bc nKi^'C sCn<:ot 

^4 Tic apparat <ji >. lasnt 2^ v\ herein the spectral proceb&or Ji op«rjhve to rect. > 
iXiu^i dat? fr^m ti^e image senior at a rate that is( independent of a rate of advance of ffee slo%v of 
pfearmaoetJttea} dosage ututs, 

Z'i i be apparatus- ftt clam-i I wherein the specual p:oce&i.itt is opemtf\ e to reoeuc miage 
<i. u fn tn U>e u'lag^.- ■setisur at a rate that ts tnds'peftdent of a rate ot advance of tiie flow? of 
pharmaceuttcal dosage linus. 

26 The apparatus of claim I wherein the s^pectrsl proce'^soi itjK'tai'v,; t> n 
assvanate spedraJ itiampulattons on a spectral tlata »et acquifsd fr»->ia the miajie sensor 

niuhivafjate spectra! luaispiilaStons on a spectxaJ d^ita sci actjiitrai ti oiii ihe image setiswt . 
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